Leaf-cutting ant workers dig underground chambers, for housing their symbiotic fungus, interconnected by a vast quantity of tunnels whose function is to permit the entrance of food (leaves), gaseous exchanges, and movement of workers, offspring, and the queen. Digging is a task executed by a group of workers, but little is known about the group effect and group-constructed functional structures. Thus, we analyzed the structures formed by worker groups (5, 10, 20, and 40 individuals) of the leaf-cutting ant, Atta sexdens rubropilosa, for 2 days of excavation. The digging arena was the same for the 4 groups, with each group corresponding to a different density. Our results verified a pattern of tunneling by the workers, but no chamber was constructed. The group effect is well known, since the 40-worker group dug significantly more than the groups of 5, 10, and 20. These groups did not differ statistically from each other. Analysis of load/worker verified that workers of the smallest group carried the greatest load. Our paper demonstrates the group effect on the digging of nests, namely, that excavation is proportional to group size, but without emergence of a functional structure such as a chamber.
Introduction
Medium-sized leaf-cutting ant workers are responsible for digging new functional structures within the nest including chambers and tunnels [1] . These workers respond well to the stimulus to dig even when isolated or in small groups. During digging the workers must be involved in coordinated activity and respond actively to regions excavated by other ants. After the initial construction process is established, nestmates must be recruited to the location of the activity. This recruitment of nest companions is governed by a positive feedback mechanism by means of communication between the initial excavators and the recruits. The signal utilized for the recruitment is probably stridulatorial communication [2] , which runs through the substrate (soil) to recruit nestmates to the point of activity. When the density increases, this signal ceases, as does its function.
Concomitant with the growth of the structure, we would find a negative feedback coordinating the activity, in other words, conducting the workers to finalize the task of digging. The workers may perceive this via chemical cues (pheromones), metabolic products of the workers (CO 2 ) [3, 4] , or by the encounter rate among them [5] . The touches among these workers are a product of momentary density in the area of activity, that is, a monitoring of the task [5] .
This hypothesis is based on the allocation of tasks without centralized control, in which the individuals respond to simple local cues (signals). This rate of signals depends on group characteristics such as their size and density [5] . Thus, the functional structures emerge from the activity of the ants, ceasing with the enlargement of the required structures, whether they be tunnels or chambers.
It is known that among leaf-cutting ants, when small groups of workers are formed (2 to 8) for digging, they do not increase the number of tunnels and instead deepen those already excavated, demonstrating social organization and coordination of work [1] . These indications constitute strong evidence of a nest construction system, although this has not yet been demonstrated experimentally. In the present work we analyzed the structures formed by groups of workers (5, 10, 20 and 40 individuals) of the leafcutting ant, Atta sexdens rubropilosa, for 2 days of digging. The size of the excavation arena was the same for the 4 groups, with each group corresponding to a different density. The excavation arena was disposed vertically, permitting visualization of the digging in a uniform environment. Thus, it was possible to study the group effect on the nest digging by small groups of workers.
Material and Methods

Selection of Workers.
Twenty-five workers from the field were collected in adult nests during nest digging. These were isolated, labeled, and transported to the laboratory. The following aspects were measured: head width, body mass, and load mass (soil pellet). This enabled patterning of the size of the ants that effectively do the digging in a natural situation.
In the laboratory, workers were selected according to their size class (head width from 1.2 to 1.6 mm) in midsized colonies (3 years) maintained in the Laboratory of Insect Pests-FCA/UNESP-Botucatu, São Paulo State, Brazil.
Excavation Boxes.
The fifteen glass boxes utilized had dimensions of 20 cm in length and height, and 1.5 cm in thickness. These were filled with soil collected at a depth of 60 cm and sieved (soil density = 1.6 g/cm 3 [6] ; water content: 5.4%). A small tunnel, constructed manually (artificially) in this apparatus, was 1.2 cm in length and 0.5 cm in width.
Above this apparatus was placed a small glass box (8 × 8 × 2 cm) into which was transferred a colony for conducting the experiment (Figure 1 ).
Rate of Digging and Structures Formed.
We analyzed the structures formed by groups of generalist workers (5, 10, 20, and 40 individuals) of the leaf-cutting ant, Atta sexdens rubropilosa, for 2 days of digging.
The workers stayed in the digging box for 48 hours, with the excavated soil being removed every 12 hours. The soil volume dug out by the workers in the 12-hour period was collected and dried in an oven for 24 hours at 80
• C. After the 48-hour digging period, liquid plaster was added to obtain the exact dimensions of the architecture of these constructions. After the plaster had dried, these structures and the soil were removed and carefully analyzed.
The structures were analyzed by measuring the area excavated by the workers on two planes; the structures were photographed and their area calculated in mm 2 via the program Image J from the National Institutes of Health, USA., http://rsb.info.nih.gov/ij/. These measures were correlated with the number of workers involved in the excavation, thereby providing a ratio between the number of structures formed and the number of workers.
The volume of these structures was calculated by their weight, with the volume in g, converted to mL.
Statistical Analyses.
A linear regression was applied to correlate the mass of workers with their load in the field, to enable selection of the size class appropriate for digging. The head widths of field workers were compared with those of laboratory workers by the test of Mann-Whitney (α = 0.05). The data for the area and volume of excavated soil were submitted to analysis of variance (ANOVA; α = 0.05), with subsequent paired comparison by the methods of StudentNewman-Keuls and Dunn.
Results
Selection of Workers.
The workers from the field presented a linear relationship between their body mass (0.004 ± 0.002 g) and the mass of soil pellets (0.017 ± 0.01 g) deposited outside the nest ("best-fit" linear equation, x = 0.00125 + (0.173 * y), R = 0.849, (t = 7.702, P < 0.001)) ( Figure 2 ). In their pellets these workers carry on average 4-times their body mass (ratio = soil pellet mass/worker mass, mean = 4.05; standard deviation = 1.66, N = 25). These pellets are transported frontally to the exterior of the nest by the mandibles, without projecting all the load mass behind the body, as they do when collecting vegetal matter. This must be the manner by which they fabricate such pellets. The pellets are formed by the behavioral act of "biting" the soil matrix with the mandibles; in other words, the workers remove the soil fragments and aggregate them with the aid of their metathoracic legs. After the soil pellet is formed, it is taken to the exterior of the nest, but is carried frontally, between the mandibles. In unpublished data on leaf-cutting ant queens, we observed that when one of the tibiae of the metathoracic legs is mutilated or cut, these queens become slower and dig more slowly than normal ones. This is due to an inefficiency in aggregating soil to form the soil pellets. In addition to mass, the head width was measured in both field and laboratory workers. The field workers presented a head width of 1.5 ± 0.3 mm while those of the laboratory did not differ significantly at 1.4 ± 0.5 mm (U = 568.500, P = 0.174). Thus, it may be stated that workers from the field and laboratory were similar, belonging to the same class size, which we can denominate the generalists ( [7] , on head width from 1.2 to 1.6 mm).
Digging Rate and Structures Formed.
The highest digging rate occurred in the first 12 hours after the release of the workers, and decreased over time (Table 1 ). There was a significant difference among the times (Kruskal-Wallis test, H = 10.727, d.f. = 3, P < 0.05) while the posttest (Student-Newman-Keuls) determined that the volume of soil excavated in 12 hours differed significantly from the other evaluation periods.
We calculated that each worker transported from 0.50 to 0.90 g of soil throughout the experiment, within each group. The trips were calculated according to the average volume of soil that each worker transported per trip (0.017 g), resulting in 30 to 53 trips during the experiment (Table 1) .
In relation to the structures formed by groups, we verified a specific tunneling pattern by the workers (Figure 3 ). The area excavated by the groups presented a significant difference (Kruskal-Wallis test, H = 34.697, d.f. = 3, P < 0.001) while the posttest (Student-Newman-Keuls) determined that the 40-worker group dug significantly more than the groups of 5, 10, and 20. These groups did not differ significantly from each other.
The volume of structures created by the workers, determined by the plaster molds, differed significantly among the groups (Kruskal-Wallis test, H = 36.359, d.f. = 3, P < 0.001), while the posttest (Dunn) showed that the 40-worker group dug significantly more than the 5-, 10-, and 20-worker groups. There was no significant difference among these groups.
Discussion
The results obtained by the present study verified that the workers dug tunnels, but no chamber to house them ( Figure 3) . The emergence of a functional structure, such as a chamber, is only possible in leaf-cutting ants when the worker group is larger and symbiotic fungus is present as a stimulus for its construction. Fröhle and Roces [8] verified the emergence of functional structures, including chambers, in larger groups (750, 1500, 2500 workers), with diverse volumes of fungus. These workers were apt to enlarge a fungus chamber to house a greater fungus volume, independent of the number of ants.
A higher digging rate was observed at the beginning of the experiment, followed by a reduction as time elapsed (Table 1) , as already observed in other species [4, 8, 9] . According to Buhl et al. [9] , this decrease in activity at the end of the digging dynamic can be explained by two possible mechanisms: the first corresponds to a reduction in activity by means of a perception of specific signals from individuals such as the concentration of CO 2 [10] or the rate of encounters among ants [11] . The second relies on the propagation properties of the recruitment, leading to a stopping activity according to the determinate density of ants [12] .
The volume of excavated soil varies directly with the number of ants in the group (Table 1) ; however, almost all of the ants were observed to dig. Nevertheless, it is known that in small groups the workers dig more than those in larger groups, as explained by Fröhle and Roces [8] . This is due to the population density; in other words, the smaller the group, the more possibilities the workers will have to dig and all are recruited with opportunities to execute their task.
In summary, our study demonstrates the group effect on the digging of nests, namely, that digging is proportional to group size, but without emergence of a functional structure such as a chamber. 
